Background-In several longitudinal studies changes in body mass and in forced expiratory volume in one second (FEVI) have been found to be negatively correlated. This paper tests the hypothesis that failure to allow for the association can lead to-error in the interpretation of longitudinal measurements of ventilatory capacity. Methods -Male shipyard workers (n= 1005) were assessed on two occasions with an average interval between measurements of 6-9 years. A respiratory symptoms questionnaire, detailed anthropometric measurements, and dynamic spirometric tests were undertaken. Multiple regression analysis was used to identify variables which contributed to the changes in lung function. Results -After allowing for age and growth in stature, a change in body mass of 1 kg was, on average, associated with a mean (SE) converse change in FEV, of 17-6 (2 0) ml, and in forced vital capacity (FVC) of211 (2.5) ml. Neglect of changes in body mass (which in this context reflected changes in body fat) led to underestimation of the longitudinal decline in FEV, with age and failure to detect significant improvements in FEV,, both in smokers following discontinuation of smoking and in shipyard welders and caulkerlburners as a consequence of leaving their employment. The estimated peak ages and associated peak levels of the indices were found to differ, depending on whether or not they were expressed at constant body mass. Conclusions -Neglect of changes in body mass can lead to erroneous conclusions being drawn from longitudinal measurements of FEVy. (Thorax 1996;51:699-704) Keywords: body mass, lung function, respiratory surveys, ageing, smoking, welding fumes, occupation.
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Understanding the factors that influence longitudinal change in ventilatory capacity is important for the interpretation of many clinical, epidemiological, and occupational studies. Hence, the potential confounding factors that influence the annual change in ventilatory capacity need to be identified. One such factor which has been relatively overlooked is change in body mass which, in three different studies, for a man aged 40 years, has been found to be associated with reductions in forced expiratory volume in one second (FEVy) per kg gain in mass of, on average, 21-4 ml/kg, 139 forced vital capacity (FVC) were calculated by the microprocessor on the spirometer and recorded. The highest of the first three technically satisfactory blows was accepted for analysis. The selection criteria were that the FVC was within 5% of the maximum, the flowvolume curves were of similar overall shape, and that the peak expiratory flow was within 10% of the maximal observed value. 6 For the microprocessor calculation of FEV, the expiration was considered to have started when 0-1 litres had been expired. Subsequently, the tape records were reprocessed using a portable computer and the start of forced expiration was redefined by back extrapolation to zero time of the steepest part of the volume-time curve.
ANALYSIS OF DATA
Multiple regression analyses were performed using the statistical package for the Social Sciences of the University of Michigan (SPSS, release 4 0). Body mass (BM) and fat free mass (FFM) were expressed as body mass index (BMI=BM x St-2) and fat free mass index (FFMI=FFMxSt-2) because, in this form, they were independent of stature (St). Multiplicative interaction terms were included if significant in the presence of their constituent variables. Shipyard trade was a categorical variable where 1 identified a man as having been a welder or caulker/burner (WCB), and 0 an electrician or other tradesman. The former trades were treated together because, although the men's occupational exposures differed, they had similar prevalences of respiratory symptoms and similar changes in lung function.78 10 "Shipyard" (SY) was used to identify men who either continued to work in one of the original shipyards or had left but had practised their trade in another shipyard for at least 85% of the available time; hence WCBSY identified welders and caulker/burners who continued in their trade throughout the period of follow up.
Smokers (Sm) were defined as current smokers plus those who had discontinued smoking within the preceding six months, nonsmokers (Non-sm) as those who had never smoked as much as one cigarette per day for as long as one year, and the remainder were ex-smokers (Ex-sm). Changes over the period of follow up were expressed as absolute change (e.g. BMdiff), annual rate of change (e.g. ABMI), and percentage change.
Analysis of changes in body mass was based on all subjects, but that of FEV, was confined to smokers and non-smokers since a decision to discontinue smoking might have been influenced by other related variables including deterioration in lung function or loss of income following leaving the shipyard. Cross-sectional analysis with respect to age was limited to men aged 25 years and older because before this age the men were still growing,5 whilst the effects of discontinuing smoking were analysed for men who were smokers at the initial assessment.
In the multiple regression analyses terms were admitted in a stepwise fashion in the order which reflected their contributions to the explained variance. A 5% level of probability was accepted as significant. Reference values were those previously found appropriate for UK populations.5 The peak age was that at which the annual change in lung function was zero, after making allowance for change in stature and other nuisance variables. 5 The analysis was performed both for the data from yard 2 and for the combined data from the two yards. The On average, 78% of the changes in body mass (ABM or ABMI) with age were due to changes in body fat (A%fat, calculated from skinfold thickness) which accounted for ap- AFEV1 was apparently less than might have been expected from the other results. The aberrant group was not exceptional with respect to age which was negatively correlated with ABMI over the whole range of groups, to level of FEVy which was close to the reference value for all groups, or to the proportion of men with regular wheeze. The proportion with chronic cough and phlegm was somewhat above average, but the difference was not significant.
EFFECTS OF DISCONTINUING SMOKING
Of 522 men who were smokers at the first assessment, 120 discontinued smoking so were ex-smokers at follow up. For these men, after adjusting for mean age, initial level of body mass, and change in stature, discontinuing smoking was associated with a mean (SE) increase in body mass of 3-37 (0 54) kg. There were associated significant increases in the subscapular and triceps skinfold thicknesses, but not in the biceps or suprailiac measurements.
In the same group of subjects the change in FEV, (FEV1diff) was related to the mean age and the interval between measurements, but terms for change in stature, initial FEV,, shipyard trade, and continuing to work in the shipyard were not significant. The present effect of body mass was independent of age. In this the result resembled that of Chen et al in a sample from a whole population,3 but differed from those of Bande and colleagues who studied air crew,2 and of Borkan et al who investigated patients with ischaemic heart disease;2' the reason for the difference is unclear. The present levels of the changes in FEV, and FVC of 17-6 (2 0) ml/kg and 21 1 (2 5) ml/kg were similar both to the previous results' and to those of Chen.' Thus, the existence of an effect is not in doubt. The present findings suggest that it is due to changes in body fat (A%Fat); however, for this index the measurement error is large and, probably on this account, the use of A%Fat did not contribute more to the variance in AFEV1 and related indices than ABMI itself.
The average effect on FEV, of a 1 kg change in body mass (1 7 6 ml) is of similar magnitude to the average annual change in FEV, (15) (16) (17) (18) (19) (20) ml/year depending on age and smoking habit). Hence, a factor which is associated with a change in body mass will affect the evolution of lung function independent of any direct action of that factor upon the lungs. Among working populations the process of ageing, giving up smoking, and ceasing to engage in physically demanding work could fall into this category. Among patients a similar effect might be expected if the disease process, or resulting treatment, led to a change in body mass. Loss of body mass is a feature of many chronic respiratory disorders, whilst an increase can occur as a result of antitubercular or steroid therapy, or lung transplantation. The changes in body mass associated with all these situations are likely to affect the lung function.
This analysis was based on data from a series of studies, funded by a number of organisations, and reflecting hard work by many individuals; all their contributions are acknowledged in the associated reports. '-10 
